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Abstract 9 
 10 
Hydrotalcites with cationic ratios of 2:1, 3:1, and 4:1 were synthesised using the co-11 
precipitation method. The mechanism of inclusion of arsenate, vanadate, and 12 
molybdate into these structures is investigated using the combination of X-ray 13 
diffraction, Raman spectroscopy, and thermal analysis. Results show that 14 
hydrotalcites with cationic ratios of 3:1 are thermally more stable then the 2:1 and 4:1 15 
structures. The increase in thermal stability of the 3:1 hydrotalcite structures is 16 
understood to be due to the intercalation of arsenate, vanadate, or molybdate, by an 17 
increase in hydrogen bonds associated with the intercalated anion. The 3:1 vanadate 18 
hydrotalcite is the most thermally stable hydrotalcite investigated. It is observed that 19 
the predominant mechanism for inclusion of the three anionic species is adsorption for 20 
the 2:1 and 4:1, and intercalation for the 3:1 hydrotalcite structures. The intercalation 21 
of arsenate, vanadate, and molybdate into the hydrotalcite structure increased the 22 
interlayer distance of the hydrotalcite by 0.14, 0.13, and 0.26 Å, respectively. 23 
 24 
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Introduction 28 
 29 
Hydrotalcite (Mg6Al3(OH)16(CO32-).4H2O) is a layered material comprised of metal 30 
cations (M2+ and M3+) of similar radii randomly distributed in the octahedral 31 
positions, that form brucite-like structures Mg(OH)2. Substitution of divalent cations 32 
(Mg2+) for trivalent (Al3+) cations gives rise to a positively charged layer. In order to 33 
maintain electroneutrality, and thus stability, a suitable number of anionic species are 34 
required to neutralise the layer charge. Neutralisation of the charge can be obtained by 35 
either intercalation of the anionic species into the interlamellar domain or through 36 
adsorption of the anionic specie on the external surface of the hydrotalcite surface. A 37 
variety of hydrotalcite-like species exist, more commonly known as layered double 38 
hydroxides, with general formula: [M2+1-x M3+x(OH)2]x+Am-x/m.nH2O, where M2+ is a 39 
divalent cation, M3+ is a trivalent cation, and A an interlamellar anion with charge m-.  40 
The value of x needs to between 0.17 and 0.33 to ensure a layered double hydroxide 41 
specie forms.  42 
 43 
Anionic species intercalated into the interlayer region are mediate by: i) coulombic 44 
forces between the positively charged layers and the negatively charged anions, and 45 
ii) hydrogen bonding between the hydroxyl groups of the layer with the anions and 46 
the water molecules in the interlayer.1, 2  In aqueous solutions containing a variety of 47 
anionic species, intercalation of a particular anion is dependent on the affinity of 48 
anions in solution. The affinity of an anion for the interlayer region is dependent on 49 
the combination of the anions charge density and size, where anions of higher charge 50 
density and smaller anionic radii are intercalated preferentially. An increase in anionic 51 
charge results in the electrostatic interactions between the positively charged 52 
hydroxide layer and the anion to become stronger, therefore rendering a more stable 53 
hydrotalcite. The interlayer region is relatively small, and therefore the physical size 54 
of the anion limits its ability to be intercalated into the interlamellar domain.  55 
 56 
The calcination of hydrotalcite, from temperatures of 350 ºC to 800 ºC, removes 57 
interlayer water, interlayer anions (carbonate anions), and hydroxyls. The result is the 58 
formation of periclase-like Mg,Al oxides.  XRD studies have shown the collapse of 59 
the crystalline hydrotalcite to an amorphous magnesium oxide with aluminium ions 60 
dispersed as a solid solution.3-6 The carbonate anions in the hydrotalcite structure are 61 
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decomposed to carbon dioxide (CO2) and O2-, leaving O2- anions between the layers.7-62 
10   The thermal decomposition of hydrotalcites is as follows: 63 
 64 
1. removal of adsorbed water  65 
a. physio-absorbed on the external surface (up to 100 ºC) 66 
b. interlayer water (110-200 ºC) 67 
2. dehydroxylation  68 
a. partial lost of OH groups in the brucite-like layer (~ 330 ºC) 69 
b. loss of OH groups bonded to intercalated anion (~ 360-380 ºC) 70 
3. decarbonation 71 
a. solvated CO32- (~ 345 ºC) 72 
b. carbonate bonded to the OH surface (~ 355 ºC) 73 
 74 
 75 
 76 
This investigation looks at the effect that the divalent/trivalent cationic ratio has on 77 
the thermal stability of hydrotalcites. The hydrotalcites synthesised in this 78 
investigation have ‘x’ between 0.33 and 0.17. Raman spectroscopy and thermal 79 
analysis techniques have been combined to determine the mechanism involved in the 80 
removal of arsenate, vanadate, and molybdate from aqueous solutions. This work is 81 
used to help understand the stability of hydrotalcite structures with these variable 82 
Mg,Al ratios and the intercalation of these anionic species. 83 
 84 
Experimental 85 
 86 
X-ray Diffraction 87 
 88 
X-Ray diffraction patterns were collected using a Philips X'pert wide angle X-Ray 89 
diffractometer, operating in step scan mode, with Cu Kα radiation (1.54052 Å). 90 
Patterns were collected in the range 3 to 90° 2θ with a step size of 0.02° and a rate of 91 
30s per step. Samples were prepared as a finely pressed powder into aluminium 92 
sample holders. The Profile Fitting option of the software uses a model that employs 93 
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twelve intrinsic parameters to describe the profile, the instrumental aberration and 94 
wavelength dependent contributions to the profile. 95 
 96 
Thermogravimetric Analysis (TGA) 97 
 98 
Thermal decomposition of the hydrotalcite was carried out in a TA® Instrument 99 
incorporated high-resolution thermogravimetric analyser (series Q500) in a flowing 100 
nitrogen atmosphere (80 cm3/min). Approximately 50 mg of sample was heated in an 101 
open platinum crucible at a rate of 2.0 °C/min up to 1000 °C. The synthesised 102 
hydrotalcites were kept in an oven for 24 hrs before TG analysis. Thus the mass losses 103 
are calculated as a percentage on a dry basis. 104 
 105 
 106 
Raman spectroscopy 107 
 108 
The crystals of hydrotalcite were placed on the stage of an Olympus BHSM 109 
microscope, equipped with 10x and 50x objectives and are part of a Renishaw 1000 110 
Raman microscope system, which also includes monochromators, a filter system and 111 
a Charge Coupled Device (CCD). Raman spectra were excited by a HeNe laser  112 
(633 nm) at a nominal resolution of 2 cm-1 in the range between 100 and 4000 cm-1. 113 
Repeated acquisition using the highest magnification was accumulated to improve the 114 
signal to noise ratio. Spectra were calibrated using the 520.5 cm-1 line of a silicon 115 
wafer.  116 
 117 
Spectral manipulation such as baseline correction, smoothing and normalisation was 118 
performed using the GRAMS® software package (Galactic Industries Corporation, 119 
Salem, NH, USA). Band component analysis was undertaken using the Jandel 120 
‘Peakfit’ software package, which enabled the type of fitting function to be selected 121 
and allows specific parameters to be fixed or varied accordingly. Band fitting was 122 
undertaken using a Lorentz- Gauss cross-product function with the minimum number 123 
of component bands used for the fitting process. The Lorentz- Gauss ratio was 124 
maintained at values greater than 0.7 and fitting was undertaken until reproducible 125 
results were obtained with squared correlations of r2 greater than 0.995. 126 
 127 
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Results and Discussion 128 
 129 
X-ray Diffraction (XRD) 130 
 131 
All the hydrotalcites synthesised were identified as Mg,Al hydrotalcites. The 132 
hydrotalcites synthesised with carbonate, arsenate, vanadate, or molybdate were 133 
characterised by X-ray diffraction, which showed a single poorly crystalline phase 134 
(Figure 1). The d(003) spacing for all the synthesised hydrotalcites were between 7.6 135 
and 8.0 Å, which is commonly observed for hydrotalcite structures. Changes in the 136 
003 reflection indicates a change in the interlayer distance of the hydrotalcite layers, 137 
where an increase in interlayer space results in a larger d(003) spacing. For the purpose 138 
of this investigation the arsenate, vanadate, and molybdate hydrotalcites will be 139 
compared to the carbonate hydrotalcite with the same Mg,Al ratio to determine 140 
changes in interlayer spacings. 141 
 142 
The XRD patterns of the 2:1, 3:1, and 4:1 carbonate hydrotalcites are given in Figure 143 
1. The basal spacing for all the 2:1 hydrotalcites remained relatively the same, with an 144 
increase of only 0.04 being observed for the vanadate and molybdate hydrotalcite 145 
structures. This suggests that the arsenate, vanadate, and molybdate detected in the 146 
Raman spectra are due to adsorbed anionic species and not intercalated species. 147 
Intercalation of these anions would have caused an increase in the 003 reflection. The 148 
sharp intense peaks in the 2:1 patterns are due to the contamination of NaCl. These 149 
hydrotalcite products were washed after synthesis but it appears more washing is 150 
required.   151 
 152 
The 3:1 hydrotalcite series showed an increase in the 003 reflection for all of the 153 
anionic species. This increase in basal spacing values indicates that each anion is 154 
intercalated into the interlamellar domain of the corresponding hydrotalcite. Arsenate, 155 
vanadate, and molybdate anions are all a lot larger in size then carbonate, and 156 
therefore the intercalation of these anionic species forces the hydroxyl layers apart, 157 
therefore increasing the interlayer distance as seen. These results confirm the 158 
intercalation of these anionic species. The intercalation of arsenate, vanadate, and 159 
molybdate into the hydrotalcite structure increased the interlayer distance of the 160 
hydrotalcite by 0.14, 0.13, and 0.26 Å, respectively. The intercalation of molybdate 161 
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showed the largest separation of the layers, and this is due to the molybdate anion 162 
having the largest anionic radius of the three anions investigated. It appears that the 163 
arsenate and vanadate anions are relatively the same size. 164 
 165 
The XRD patterns of the 2:1 and 3:1 carbonate hydrotalcites observed no significant 166 
change in the 003 reflection, 7.67 and 7.66 Å respectively. However, increasing the 167 
cationic ratio to 4:1 resulted in an increase of 0.32 Å. This increase in interlayer space 168 
is believed to due to the intercalation of other anioinic species, in particular chloride 169 
anions, which are present during the synthesis process. Chloride anions have a larger 170 
anionic radius then carbonate anions and therefore would cause an increase in the 171 
d(003) spacing. The 4:1 hydrotalcite structures appear to be more crystalline, with more 172 
well defined and intense peaks observed in the XRD patterns compared to the 2:1 and 173 
3:1 hydrotalcites. The d(003) spacings for the 4:1 hydrotalcites resemble those values 174 
obtained for the 3:1 series. This suggests that the intercalation of arsenate, vanadate, 175 
and molybdate may have occurred, even though there is a reduction in the interlayer 176 
distance compared to the 4:1 carbonate hydrotalcite. 177 
 178 
Thermal stability of hydrotalcites with different interlayer anions 179 
 180 
The DTG curves for 3:1 hydrotalcites containing carbonate, arsenate, vanadate, 181 
and molybdate are given in Figure 2. The DTG curves were peak fitted using a band 182 
component analysis program. The overall peak profiles vary for hydrotalcites with 183 
different anions intercalated into the hydrotalcite structure. The broad peak between 184 
300-400 °C is characteristic of the dehydroxylation and decarbonation of hydrotalcite. 185 
Comparison of the hydrotalcites shows that the intercalation of vanadate, arsenate, 186 
and molybdate increases the thermal stability of the hydrotalcite, compared to the 187 
carbonate only hydrotalcite. This is shown by a delay in the dehydroxylation 188 
temperature.  189 
 190 
The DTG curve for the carbonate only hydrotalcite observed an asymmetric peak, 191 
with a main peak at 347 °C and a shoulder at 316 °C. Mass spectroscopy showed the 192 
evolution of CO2 at 350 °C and water vapour at 330 °C, shown in Figure 4. Therefore, 193 
dehydroxylation of the hydrotalcite layers occurred at 316 °C, and decarbonation 194 
occurred at 347 °C.  Relatively symmetric peaks were observed for the vanadate and 195 
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molybdate hydrotalcites, with maxima peak temperatures of 380 and 348 °C. The 196 
large increase in the dehydroxylation temperature obtained for the vanadate 197 
hydrotalcite shows that vanadate hydrotalcites are thermally more stable then 198 
carbonate hydrotalcites. The increase thermal stability of this peak is believed to be 199 
due to an extensive network of hydrogen bonds with the hydroxide surface of the 200 
hydrotalcite and the solvated vanadate anions. Band component analysis showed that 201 
the relatively symmetric peak is comprised of other peaks at 346 and 392 °C. The 202 
peak at 392 °C is believed to be the decomposition of the vanadate anions to its 203 
corresponding metal oxides. XRD of the decomposed vanadate hydrotalcite detected 204 
the presence of NaMg4(VO4)3, figure not shown. The small peak at 346 °C is 205 
attributed to the slight decarbonation of the structure. The presence of this peak 206 
suggests that there is contamination of carbonate from surroundings during the 207 
synthesis process.  208 
 209 
The main peak for the molybdate hydrotalcite is observed at 348 °C. The mass 210 
spectrum showed the evolution of CO2 at the corresponding temperature, figure not 211 
shown. This suggests that the intercalation of molybdate is limited, with the 212 
intercalation of carbonate being predominant. Peaks at 358 and 365 °C are believed to 213 
be due to the intercalation of molybdate. The increased dehydroxylation temperature 214 
is proposed to be due to the network of hydrogen bonds involved with this 215 
intercalated anion. The overall thermal stability of hydrotalcites intercalated with 216 
arsenate is smaller then the other three hydrotalcites investigated, with a 217 
dehydroxylation temperature of 334 °C. The reduction in thermal stability is believed 218 
to be due to the less crystalline structure of the arsenate hydrotalcite. Comparison of 219 
the four 3:1 hydrotalcite structures shows that the arsenate hydrotalcite has the 220 
broadest decomposition step between 250-400 °C, where it is proposed that broader 221 
peaks are less crystalline. Peaks at higher temperatures, 368 and 388 °C, are believed 222 
to be attributed to the intercalated arsenate anion.  223 
 224 
Effect of cationic ratio on the thermal stability of hydrotalcites with different 225 
interlayer anions 226 
 227 
Arsenate Hydrotalcites 228 
 229 
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The shape of the DTG curves obtained for the 2:1, 3:1 and 4:1 arsenate 230 
hydrotalcite series vary considerably, shown in Figure 6. It is observed that the 231 
broadness of the dehydroxylation / decarbonation band becomes considerably sharper 232 
for the 4:1 hydrotalcite. It is suggested that the sharper band is due to the structure 233 
being more crystalline. Comparison of the 2:1 arsenate hydrotalcite and the 2:1 234 
carbonate hydrotalcite, Figure 3, reveals that the DTG curves are almost identical. 235 
Therefore, it appears that the intercalation of arsenate into the 2:1 hydrotalcite 236 
structure is not possible under these synthesis conditions. The Raman spectrum of the 237 
2:1 arsenate hydrotalcite detected the presence of arsenate in the structure, Figure 7. 238 
However, it is proposed that the mechanism for its inclusion is due to adsorption of 239 
the anionic species on the external surfaces of the hydrotalcite. It is also observed that 240 
a smaller quantity of arsenate and a much larger quantity of carbonate is present in the 241 
2:1 structure, determined by the ratio of the intensities of the bands at approximately 242 
820 (arsenate) and 1060 cm-1 (carbonate) with the band at 555 cm-1 (Al-O-Al linkage 243 
in the hydrotalcite structure). The increase in carbonate concentration indicates that 244 
the intercalation of carbonate anions is more preferable then the intercalation of 245 
arsenate anions for the 2:1 structure.  246 
 247 
The appearance of a shoulder in the DTG curve for the 3:1 hydrotalcite structure at 248 
368 ºC indicates that arsenate is intercalated into the hydrotalcite structure. The 249 
increase in decomposition temperature is believed to be due to hydrogen bonding 250 
between the intercalated arsenate anion and the hydroxyl layer surface. Intercalation 251 
of arsenate therefore increased the thermal stability of the structure, compared to the 252 
3:1 carbonate hydrotalcite (decomposition temperature of 347 ºC). Comparison of the 253 
ratios of arsenate anions and carbonate anions detected by Raman spectroscopy are as 254 
follows: 0.6 for the 2:1 hydrotalcite, 2.0 for the 3:1 hydrotalcite, and 1.0 for the 4:1 255 
hydrotalcite. The presence of a shoulder at decomposition temperatures above 365 ºC 256 
is believed to be due to the dehydroxylation of the hydrotalcite layers, which are 257 
hydrogen bonded to the arsenate anion. It is seen that as the quantity of arsenate 258 
increases, determined by Raman spectroscopy, the appearance and the intensity of a 259 
band at approximately 370 ºC, DTG curve, becomes apparent. The 3:1 hydrotalcite 260 
showed the highest quantity of arsenate in the structure and therefore a relatively 261 
intense band is observed in the DTG curve at 368 ºC. The 4:1 hydrotalcite has the 262 
second highest concentration of arsenate, and a band at 370 ºC is visible in the DTG 263 
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curve. The 2:1 hydrotalcite had the lowest concentration of arsenate and no band is 264 
observed in the DTG curve. Therefore, it is suggested that arsenate anions detected by 265 
Raman spectroscopy for the 2:1 hydrotalcite are predominantly due to adsorbed 266 
arsenate and not intercalated arsenate anions. It is also proposed that arsenate anions 267 
are both adsorbed on the external surface and intercalated into the interlayer region for 268 
the 3:1 and 4:1 hydrotalcite structures.  269 
 270 
Vanadate Hydrotalcites 271 
 272 
The Raman bands attributed to the (VO4)3- vibrations are observed as a broad band 273 
between 900 and 800 cm-1, shown in Figure 9. The vibrational bands for the 2:1 274 
vanadate hydrotalcite have shifted to slightly lower wavenumbers compared to the 3:1 275 
and 4:1 hydrotalcites. It is proposed that this shift to lower wavenumbers is due to the 276 
inclusion of protonated vanadate species.  It is also observed that the DTG curve for 277 
the 2:1 hydrotalcite has a different overall shape compared to the 3:1 and 4:1 vanadate 278 
hydrotalcites, which appear to have a relatively symmetric shape, Figure 8. Presence 279 
of a band at 375 °C suggests the intercalation of an anionic specie other than 280 
carbonate. It appears a different vanadium species has been intercalated into the 2:1 281 
hydrotalcite, possibly a protonated vanadate species. 282 
 283 
Comparison of the DTG curves shows that the 3:1 hydrotalcite is again the most 284 
thermally stable structure. This increased thermal stability is due to not only the 285 
intercalation of vanadate anions, but also to the stability of the hydroxyl layer 286 
structure. It has been recently reported, Yang et al.,11 that 3:1 hydrotalcite structures 287 
are more stable due to a decrease in hydrotalcite lamellae energy, compared to 2:1 and 288 
4:1 structures. The decomposition temperature of the 3:1 vanadate hydrotalcite is  289 
380 ºC, in comparison to 344 and 329 ºC for the 2:1 and 4:1 hydrotalcites 290 
respectively. The increased thermal stability of the 3:1 hydrotalcite is a result of the 291 
intercalation of vanadate anions. An increase in the intensity of the V-O symmetric 292 
stretching modes of the vanadate anion, seen in the Raman spectrum at approximately 293 
900 cm-1, corresponds with the increased thermal stability of the 3:1 vanadate 294 
hydrotalcite. An increase in the concentration of vanadate anions in the interlayer 295 
region, increases the number of hydrogen bonds associated with the intercalation of 296 
this anionic species, and therefore increases the hydrotalcites thermal stability. 297 
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Molybdate Hydrotalcites 299 
 300 
The Raman spectra of the 2:1, 3:1, and 4:1 hydrotalcite series containing 301 
molybdate anions shows the presence of molybdate anions in/on the hydrotalcite 302 
structure, indicated by the presence of bands in the 900-800 cm-1 region, Figure 11. 303 
The presence of a sharp intense band at approximately 900 cm-1 is attributed to the 304 
(MoO4)2- ν1 symmetric stretching modes of the molybdate anion. Comparison of this 305 
band with bands at approximately 545 and 465 cm-1, attributed to the Al-O-Al and  306 
Al-O-Mg linkage in hydrotalcites, shows the variability of the molybdate 307 
concentrations in the hydrotalcite structure. Comparison of these bands indicates that 308 
the concentration of molybdate anions, either intercalated or adsorbed, varies 309 
considerably with variable divalent/trivalent ratio. The ratio of the 900 cm-1 band with 310 
the 548 cm-1 band for the 2:1, 3:1, and 4:1 molybdate hydrotalcites are 2.9, 1.6, and 311 
1.5 respectively.  312 
 313 
The hydroxyl layer charge of these hydrotalcites is as follows: 314 
 315 
2:1 hydrotalcite: [Mg0.66Al0.33(OH2)]0.33 316 
3:1 hydrotalcite: [Mg0.75Al0.25(OH2)]0.25 317 
4:1 hydrotalcite: [Mg0.80Al0.20(OH2)]0.20 318 
 319 
Therefore, an increase in divalent/trivalent ratio increases the positive charge of the 320 
hydroxyl layers of the hydrotalcite structure. The Raman spectra of the three 321 
hydrotalcites showed that the concentration of molybdate decreased as the 322 
divalent/trivalent cationic ratio increased. This is not unexpected as an increased 323 
positive charge requires more negative charges to form a neutral structure. The 324 
interesting feature of the results obtained is that the high concentration of molybdate 325 
in the 2:1 hydrotalcite did not increase its thermal stability, Figure 10. The 326 
intercalation of these oxy-anion species is expected to increase the thermal stability of 327 
the hydrotalcite structure due to an extensive network of hydrogen bonds with the 328 
anion and the hydroxyl groups in the hydrotalcite layer. It is therefore proposed that 329 
adsorption is the predominant mechanism involved for the inclusion of molybdate into 330 
the hydrotalcite structure. It is suggested that the large size of the molybdate anion 331 
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limits the intercalation of this specie between the brucite-like layers, i.e. the 332 
molybdate anions are physically too big.  333 
 334 
The DTG curve for the 3:1 molybdate hydrotalcite shows an increase in the 335 
decomposition temperature, 348 ºC, compared to the 2:1 and 4:1 hydrotalcites (332 336 
and 329 ºC, respectively). The Raman spectrum for the 3:1 molybdate hydrotalcite 337 
shows an increased carbonate content, with intensities of the CO32- ν1 symmetric 338 
stretching mode being almost as intense as the (MoO4)2- ν1 symmetric stretching 339 
mode. This delay in decomposition temperature is believed to be due to the 340 
intercalation of a small number of molybdate anions between the hydroxyl layers, 341 
which therefore increases the thermal stability. It is proposed that a 2-step mechanism 342 
is involved in the intercalation of the molybdate anions: 1) carbonate anions are 343 
initially intercalated into the structure, which increases the interlayer distance of the 344 
hydroxyl layers, and 2) the increase in interlayer space allows the larger molybdate 345 
anions to fit between the layers. 346 
 347 
Conclusion 348 
 349 
Hydrotalcites with divalent/trivalent cationic ratios of 3:1 are thermally more stable 350 
then the 2:1 and 4:1 structures. The increase in thermal stability of the 3:1 hydrotalcite 351 
structures is believed to be due to the intercalation of arsenate, vanadate, or 352 
molybdate. Intercalation of these anionic species causes an increase in the amount of 353 
hydroxyl groups involved in a network of hydrogen bonds involving the intercalated 354 
anion. The 3:1 vanadate hydrotalcite is the most thermally stable hydrotalcite with a 355 
decomposition temperature of 380 °C compared to the 3:1 carbonate hydrotalcite with 356 
decomposition temperature 347 °C. The combination of Raman spectroscopy and 357 
thermal analysis enabled the determination of the mechanism involved for the 358 
inclusion of arsenate, molybdate, and vanadate into these hydrotalcites structures. It is 359 
observed that the predominant mechanism for inclusion of the three anionic species is 360 
adsorption for the 2:1 and 4:1, and intercalation for the 3:1 hydrotalcite structures.  361 
 362 
X-ray diffraction confirmed that hydrotalcite formed during this investigation. XRD 363 
patterns of the 2:1 hydrotalcite structures showed no significant change in the d(003) 364 
spacings, and it is therefore believed that adsorption reactions are involved in the 365 
 12
inclusion of these anionic species. The 3:1 hydrotalcite structures showed the most 366 
significant increase in interlayer spacings values, thus indicating that intercalation of 367 
arsenate, vanadate, and molybdate occurred. The intercalation of arsenate, vanadate, 368 
and molybdate into the hydrotalcite structure increased the interlayer distance of the 369 
hydrotalcite by 0.14, 0.13, and 0.26 Å, respectively. 370 
 371 
The DTG curve of the 2:1 arsenate hydrotalcite appeared to be identical to the 2:1 372 
carbonate hydrotalcite. It is therefore proposed that the intercalation of arsenate into 373 
the structure is not achievable under these synthesis conditions. Presence of arsenate 374 
bands in the Raman spectra are believed to adsorbed arsenate and not intercalated 375 
arsenate anions. The band at 368 °C in the 3:1, and at 370 °C in the 4:1 arsenate 376 
hydrotalcite in the DTG curve indicates that the intercalation of arsenate is obtained 377 
for these cationic ratios. The intensity of the peak for the 4:1 hydrotalcite suggests 378 
however that the primary mechanism for arsenate inclusion is adsorption.  379 
 380 
The Raman spectrum of the 2:1 vanadate hydrotalcite shows a slight shift to lower 381 
wavenumbers, understood to be due to the intercalation of a protonated vanadium 382 
specie. This variation is also seen in the DTG curve with a more complex band profile 383 
being obtained. The increase in intensity of the V-O symmetric stretching modes of 384 
the vanadate anion, seen in the Raman spectrum at approximately 900 cm-1, 385 
corresponds with the increased thermal stability of the 3:1 vanadate hydrotalcite. An 386 
increase in the concentration of vanadate anions in the interlayer region, increases the 387 
number of hydrogen bonds associated with the intercalation of this anionic species, 388 
and therefore increases the hydrotalcites thermal stability. 389 
 390 
The Raman spectra of the three molybdate hydrotalcites showed that the concentration 391 
of molybdate decreased as the divalent/trivalent cationic ratio increased. This is due to 392 
a larger number of anionic species required to neutralise the positive layer charge. The 393 
slight increase in thermal stability of the 3:1 molybdate structure suggests that 394 
molybdate is possible, however minimal. The intercalation of this large anionic specie 395 
is believed to be due to a 2-step mechanism.  396 
 397 
 398 
 399 
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Figure 1: XRD patterns of synthesised hydrotalcites with variable cationic ratios. 2 
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Figure 2: DTG curves for 3:1 hydrotalcites with different interlayer anions. 2 
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Figure 3: DTG curves of carbonate hydrotalcites with varying divalent/trivalent cationic ratio. 2 
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Figure 4: Mass spectroscopy relative ion current curve of components of water and carbon 2 
dioxide. 3 
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Figure 5: Raman spectra of carbonate hydrotalcites with varying divalent/trivalent cationic ratio 2 
in the lower wavenumber region. 3 
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Figure 6: DTG curves of arsenate hydrotalcites with varying divalent/trivalent cationic ratio. 2 
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Figure 7: Raman spectra of arsenate hydrotalcites with varying divalent/trivalent cationic ratio 2 
in the lower wavenumber region. 3 
 23
 1 
Figure 8: DTG curves of vanadate hydrotalcites with varying divalent/trivalent cationic ratio. 2 
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Figure 9: Raman spectra of vanadate hydrotalcites with varying divalent/trivalent cationic ratio 2 
in the lower wavenumber region. 3 
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Figure 10: DTG curves of molybdate hydrotalcites with varying divalent/trivalent cationic ratio. 2 
 3 
 26
 1 
Figure 11: Raman spectra of molybdate hydrotalcites with varying divalent/trivalent cationic 2 
ratio in the lower wavenumber region. 3 
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